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r.EX.BL.CM.CROC.RCU.TS.OR.NTE«N.LUaHTTHERAPV 

rrlnt"^ Application 

d,sposcd an =l=.uomc dev,c= used .o off a J ^ 

For example, tumors of the pancreas an p„.sens,tized by dye 

™,™e of certatn dyes, compared ^l^^^^^, wH. U.h, 

,aggi„e. -he cancerous or bnorma cen ,„ ^ ,,sorbmg 

of an appropriate wavelength 0, " " J ^, „„,mai tissue. This 

wavelength or waveband of the dye, ' ^^^^ clmically 

„ procedure, wh.ch ,s Known as ^^^^^T^^'^U eicnomas, esophageal 
Led to treat metastatic breast — ■ ^1 tumors, head and necK 

^„,gn tissue than aiternativetr^trnent P^c^^^^^^^^ ^^^.^^^ 

Typically, invasive 'PP""'""^"; ,„,.<,e the body of the 
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..e. ... 7 ^^^^^^^^^^ 
rrr - — 

Z.^o.-^^^^'^'"^-''^rZ. cases, .0 o...n .n>p.ov=. 
.Tho.obio.o.i.co„s,d=raucn . Pho o ^^^^^^^^ ^^^^^ „„„ 

l^^^^^'^"- ri/rh,' ggc .ha. 1- .n.ensu, «gh. may be more 
hemaloporphyrin and v,3,We UBh. sugg ,„ ,he flanks of 

, .ffecve ,n PDT. ^^-'"^'Z t^, acse of 620„m ra.,a,ion, a, 

— " 'nrnrt^MmwL^M .he same .o.a, Ugh. dosage, Pa..sb 

Ugh. '^^ ;l;ridm.ms,er PDT .sU,g .0. Ugb, 

,5 body of a pa.i=« > ^"''=^'T7l 1 aug" " ' 

,evel sources, for ex.ended perrods of ume. ^ g 

Pa.„. NO, 5,445,608. ..-= -f,^:,:, ^^n. embod,me«s of such probes 
,„corpora.ed hcrem by '~ f"^, ,,,, „f ,Ke probes disclosed ir, .h,s 
are iUusuared and d.scussed a re.at,vely suff 

,„ refere„ce.no,udesapWr.,,yon^g.-- 

o, innexrble subs.ra.e and ,„ .^or or 0>he, cells ro be 

UgM em,..ed by ,he ligh, sources .r^ m ____ ^^^^^ ^ 

„-,,hout adverse impac. on normal cells- 

,,„„e of .he implan.able Ugh. emu mg P 

„fere„ced paten, rndude l,gl,. ^ ""^^ ^,„,„„,,„u. ,„ nse a Hexib.e 

„^y appl.ca„ons for PDT * ' J"' „n a probe used ,0 

subsuate tor moun.ine .he LED ^ ,„ , „,e 

.dmims.er dre PDT, e.g.. so '^'^^^ ,i,hou, risk of perfo"'-" <>' 

,.ro„ghacu.edp.ssa.ew..h.n h a ^^^^^^^^ ^^^^^ , 

passage wall, h, < '"^^J,, ^ J, , ncxible PDT probe could be 

rtstre:— 1 s,. for mse^on .n.o a rrearmen. 
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.he ,hro„gh an incis.on or body passage and .Ken allowed to deploy, unfoldmg or 
rolg^nro a larger for adn,.„is„aUon of 'o» .n,ens,.y hgh. ,0 th^ 
rreaunen, she. Al,en,aUvely, a ncxlbl. probe oould be molde around 
.„,„,ar,y shaped rumor or organ or rolled around a lumen, such as a blood 
es el, or unfurled inside a passage or caviry of an organ or lumen ,0 madra e ,us 
inrenor with Ughl emitted by the pr,be. .n addiuon, a nexible probe would be 
able ro change shape .o adap. <o changes in Ore ttearmen. s„e, as mahgnan. trssue 
is destroyed by Ihe PDT, and should be able .o move with an organ (such as the 
lung or heart) or blood vessel, due to a physiological drsplacement or change ,„ 
shape of L organ or vessel. w,th.u, mterfering with the function of the org^ 
Ir vessel. The pnor art does not drsclose a flexible probe capable of prov,d,„g 

these capabilities. _ „.hMv he introduced to 

II is also apparent that a Hexioie prooe fuu,. — - ^ 

a treatment site for implementing med,cal procedures other than PDT. For 
x~ fl«ible probe that includes an ultrasonic transmitter and/or ultrason.c 
ecZr could more readily be .nserted ,n.o an organ or lumen to carry out 
lasound scan of surrounding tissue relat.ve to the site inside the organ or lurn n 
Flcrmorc, a Hex.ble probe that is used to admtn.ster PDT can be provtded wr h 
:.::c components capable of carrving out addihonal funcUo.. or — 
a sensor to detennine efTrcacy of the PDT treatment mrght be ■"'^'■'''^^ °" ' 
flexible probe, in add.Uon to the plurality of LEDs or other hght sources that are 
used to provide light to a treatment site. 

A nexible probe on which an electronic circuit for administertng a med.cal 
treatmem or a sens.ng device ,s mounted can more readily be threaded mto a^ 
i nterral site than a rigid or inflexible probe, and the insertron procedure can be 
p 1 d w.th less trauma to a patient. In addition, a flexible probe ,s es^ 
Zly to cause an unwanted and potenU^ly harmful perforation, or ,„ move from 
a Imen, si,c withm a pa.ienfs body. Thus, there are f —"^^ 
be realized in using a flexible probe rather than a reU.vely rigid probe to 
0 administenng medical treatment or carrying out diagnostic procedures By 
l"n T n-ible probe tnto the panenfs body through a small .nc.s.on 
.. .0 a sit! where ,t will be used in a medical 

— ttrris^nri::^— ^ 

due to the minimal impact it nas on uic y 
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and due to .is abihty to adjust to changing conditions at the treatment sUe. For 
these and other reasons that will be evident from the following disclosure, a 
flexible probe offers substantial advantages over prior art approaches to 
admmistermg PDT and other types of medical treatment to an internal treatment 
siie within a patient's body. 

Because it can be readily defonned around a curved path, a nettble probe 
can more easily be conveyed to an internal treatment site than a rtg.d probe. 
Endoscopic techniques can be appUed for moving a flexible probe through a body 
passage and positioning it at or wtthtn a treatment site, .t would be des.rable t 
use a curved po.nted object to draw a flexible probe along a curved path deftt^tng 
a destred positton for the flexible probe at . treatment site disposed w.thtn 
ablrma, tLue. Once pos.t.oned at the treatment s.te, ,t will likely be neccssa^ 
to affix the probe, preventing its displacement awa, fro.., " 
physiological movement. Thus, sotne means would probably be required to 
ensure that the flexible probe is secured in place. 

<:..mTparv of th.^ Invention 
The present invention is directed to a method fo, implanting and fixtng a 
flexible probe in a desired position at a trearnient site within a paUent s body^ The 
mTthodLes a flexible probe that includes an """l^- f >" 7-^:" 
flexibility .0 sustain deformation and bending without damage. The strip s 
. a h d .0 a surgical needle, and the surgical needle is fo.ed '-"^H <iss^e 
the treatment site within the patient's body. The stnp comprising the flexibl 
pro^Ts drawn into the tissue by the surgical needle, along a path of the surg,«i 
nredle Once the strip is impl^tted with the surgical needle in the desired position 
: the treatmem site, the surgical needle is disconnected from the strip^ Th 
s rgical needle is then withdrawn from the Ussue, leaving the str^ dispos d in the 
deld position within the patient's body .0 admintster the medical treatment to 

*'~Ltod further includes the step of securing one end of dte strip ,0 a 
fits, object The firs, object has a ,ubstantially greater cross-scclional si» th.-. 
serves ,0 anchor the strip in the desired poshion a. the _ 

preventing movement of the snip relative to the treatment sit. Optionally. 
Lt object may be secured .0 a tissue surface in the patients body. 

in add, ion, the method ma, include the step of securing another end of the 
ribiect Like the first object, the second object has a substannally 
:r irstrr sitrL .he stnp^and further serves to anchor .e strip ,„ 
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,„ ... „ea,.e„, sUc. The s=co„ ;t Lds .hrough ..e s,=ev. The 

„e,hod fur.h.r pref=.ab,y ^ J p„,,,,„„. The s,cp of securing ,he 

.rtp arte, ,he ..ip " , ^ acco™p.,shed h, cri™p.nB 

nrsl and/or the second object to the s np m y ^.^^ ^ 

stcevc of the ob.ec. ahoo, '"^ .^.^ , through the 

. = - 1^ Vrootectttl. L ohject to the strtp, « h. 

.J:.r::;:::r":rrrd:c::..J.^^^^ 

Needle tnto the desired posiliot,w.tn.o.cep^ ^ ^^^^^ 

Another aspect of Ute present "7"' ""^^ ,,3 3^ „i,hi„ a patient's 
, ad.in,ster,„8 a ntedtca, procedure .0 a ^^^^^^ „„3e noted in the 

.ody. Eicntentsof the apparatus .^.n-^^^^^^^^ ^ ^^^^^,„3 p„,„™ 
above descrtption of the method, - steps of the method described 

substantially the funchons implemented m the steps 

The fo,e,oin. ^ ^ , "7;;,,,, . .He same ^omes better 

— dt —"noZ de.,ed descrtption, »he„ ta.e„ ,n 

-nr^^^TeC"^^^^^^^^^ « " " ' 

" embod,roTaUU-;o— ^^^^^^ 
FIGURE 2 shows cross-seclional views 

""'"^mURE 3 ,s a greatly enlarged s.de v,ew of a d.sta. po.ton of a second 
30 embodiment of the flexible probe; ^^^^ ^^^^ 

P,OURB 4 ,s side elevat.na w^ -J^^ ^^^^ 
the neKible probe is delivered 10 an interna 

probe being guided through a lumen of the guide tub^, ^^^^ ^^^^^ ^^.^^^ 

3, ;: ;:rdrninr^^^^^^^^^ --^ - - 

" beinglided through a lumen of the guide tube. 
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. • of the straieht guide lube of FIGURE 4, 
showing the guide lu ^ ^jher type of tissue mass; 

"air:: vrri: .u., show.. ^.^ 

r^rr "a*:. - ne... . a .... 

Uye, ,o secure .he flexible prabe in a — su. 

FIGURE 8 is an isomemc v,=w °t a pnor ar. peel y 
nOURE9,saplanv.ewof.heprio,anp=e^away*ea^^^^ 

nCURE ,0 i» a siae v,ew or .>•= ^ ^^^^^^ ..^sue ™ass; 
. „i„, »rt lancel Hat is used to position the peel away ^^^^^ „„^h,™„ 
"'"""nOURE 11 ,s a side view showmg the pnor an ,a.,... ...... ^ 

*;r";"l°e "wTol. - p.ohe hetn. postt.oned tn 

' theUssuentassthroughthepeel-awaysheatl^^m^^^^^ ^^^^^ 
r:ol^'L:nd%— o-ne:,hlep.hehyspl,.t.n.^ 

;rx:i:.»..— ^^^^^ 

,...et=.ha.is,ns=nedin,oah,add^^^^^^^^ 

,s a s,de ™w - -rrr:,:^^^^^^^^^^^^ °' " 

,„ an open, uncompressed slate; ^ p|„3,i,y „f 

™""d — :l are shown ,n a splayed array as the 

probes lu accord with the lou ^ vvithdrawn. 

Lheter used .0 in.oduee - P'"^--* '^^^ ,„^din.ent of the fle.ihle 

FIGURE 17 IS an isometric view 
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u . 'JitMired as a nexible sheet; 
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FIGURE .8 .s an .somemc „.w of .he fo.r* embod.menl of .he fl^x.bl. 
p,„be fCded ,o reduce us .an^versc s,» and „ed w,.h a su.urc .0 res«,„ U m U,e 
ro„ed .^^^^^.^^ ,„^a,™en, of .he ne.ib.e 

probe folded .0 reduce Us .ransverse size and cl.pped w,.h a U-shaped chp .o 
testtamitin.hefoldedconfi8ura.ion; , „f , he flexible 

FIGURE 20 ,s an .som=.r,c view of Ae fourth embodrmen. of .he flex.ble 
probe fILd .0 reduce ,.s Uansverse s..e and ehpped a recanHar-shaped 
band .o rcs.rain i. in d,e folded conf,BUia..on; 

FIGURE 21 is a sectional view of U,e fourU, e^bodtmen. of the flex, b e 

.ufold it at a treaunen. site in a body lumen, ^^^^^ 
FIGURE 22 is a side view oi me i""'"' - 

showtng the sheet rolled ,n.o a cylindrical conf,BUra.ion; 

FIGURE 23 ,s an end view of U,e rolled flextble probe 0"'°"^ 22_ 
FIGURE 24 is an end view of .he rolled flexible probe of FIGURE 22. 

'"^^■t;u;;'2r:'r:.::a.,o„al view or .he roHed flexible probe of 

, """"Figure 26 is a seCional vew of a portron of a pa,ienfs torso showing 
.he rolled four* e,.bod.ment being positioned a. a treatment s„e through an 

^< - mrso, show,„. ,he 

, ^--^::a::^::r:— • 

— o;r2l^^at^:r::^ 
■""'''rur3:rtr:ri vr":n:,nternai pass.. show,„. the 

. flexiblepr^Teldlposntonbysuturesthatconn^tloopsontheflexiblesubstrate 
'""•"h™:! tt,c view of the rolled flextble probe, restrained 

35 probe rolled around a body lumen having a first crass-seclinnal si«; 
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FIGURE 32 is an isometric view of the fourth embodiment of the flexible 
probe rolled around a body lumen having a second cross-sectional size, showing 
how the rolled diameter of (he flexible probe increases to accommodate 
physiological changes at a treatment site; 

FIGURE 33 is a sectional view of a patient's organ showing a fifth 
embodiment of the flexible probe that includes a balloon cuff, with lumens and 
leads extending through an opening in the patient's skin; 

FIGURE 34 is an isometric view of the flflh embodiment of the flexible 

probe; 

FIGURE 35 is a side view of the fifth embodiment of the flexible probe; 
FIGURE 36 is a sectional view showmg a flexible probe threaded through 
a nasal passage and into the entrance of a patient's stomach; 

FIGURE 37 is sectional view of a portion of the esophagus in which the 
flexible probe has been tlireaded; 

FIGURE 38 is a sectional view showing a flexible probe having electrical 
lines attached to one end and a suspension lead attached to the other end and 
extending through the esophagus and out through the nasal passage of a patient; 

FIGURE 39 is a sectional view of a portion of the esophagus in which the 
flexible probe of FIGURE 38 is disposed; 

FIGURE 40 is a side view of a sixth embodiment of the flexible probe in 
which a soft tip is temporarily attached to a distal end of the probe so that 
peristalsis advances the probe into the bowel; 

FIGURE 41 is a sectional view of the bowel, showing the flexible probe 
sutured in place and a proximal end of an attached lead passing through a 
gastrostomy site in the stomach and out through the abdominal wall; 

FIGURE 42 is a sectional view of a bowel, showing the flexible probe 
sutured at a treatment site inside the bowel and leads extending outside the 
abdominal cavity through a stoma site; 

FIGURE 43 is a side view of a branching artery, showing a seventh 
embodiment of the flexible probe coiled about the artery; 

FIGURE 44 is an isomelr.c view of a heart showing the fourth 
embodiment of the flexible probe overlying a cardiac vessel; 

FIGURE 45 is a sectional view of a cardiac vessel showing arteriosclerosis 
plaque built up on the interior surface; 

FIGURE 46 IS a plan view of a flexible substrate upon which a plurality of 
LEDs can be mounted to produce a plurality of flexible probe circuits; 
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conducive s..ps for — l^^:^ ^^^^^ a flexible probe .n 

FIGURE 48 is an enlarged side view oi a u . . , 

""""'^^RE 3, ,s a p,a„ v,e. or... POT OciWc probe; 

FIGURE 52 is a block d.agram showing .h= component of a PDT sysie 
,hat uses a flexible piobe; h away vie» of an embodimeni of a 
PIOURE 53 is a .really -'^^^'ttZLV^e.ween .wo fac™, Hexible 
flexible probe in wh.ch l.giu sourc. » - 

"'""hgURE 54 ,s a eross-secona, view of .he embodi^en. shown .n 
"'"1,0URB 55 is a plan view of anoUrer en,bod,n,en, of a flexible probe 

f„rn,ed as a sheet, for -^"^''""^^l^.^^ ,„,„d,me„. of FIGURE 55, 

FIGURE 56 is a cross-sectional view oi 

taken alone section lines 56-56; „f , „„i<,„ of an embodimen. in which 

"""'';^URE 58 ,s a cross-seConal e,eva.,o„al v.ew of the embodiment of the 
flexible probe shown in FIGURE 57, counted on a 

FIGURE 59 is a plan view of a planar amy ot L 

LCD IS mounted on a re*^<=<^^-^ ^^^.^^ter ar.d receiver coils 

FIGURE 61 IS an isometric view oi pu 
disposed on opposite sides ofa cutaneous layer, ,,ansmitter and 

FIGURE 62 IS an alternative embodiment o po 
.eceivercoilsdisposedonoppositesidesofacutaneous layer, 
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or, infrared sourcc and receiver disposed on 

FIGURE 65 IS a sectional view snowuit, ay 
sureical needle .ha. .s used .0 .mplan. a ne.ible probe a. a treatment sr.e 

HGURE 66 i. a seciorutl vew shoeing the flexible probe of FIGURE 
..j:t~.3Heb,a„ob.etat.c.ed.^ 

FIOURB 67 is a seet.ona, ^'"-^ ^"^^'l^'^l^Z^^, ';^ ,„ .e..r= at 
„i,h a second ob.ec, a,tacl«=d to the other end of the Hextble p 

^...nmmaoffcBc^^ 

Eisastf^il^^*^^^^^ n„;hlenrobc loom accordance with the present 

A flrs, ' , : : p,„,„ ,00 is connate in shape and 

; invention is iltotraled m FIGURE 1 . Hex P ^^^^^^ 
comprrses a flexible -IrpZ: : .he nlble p.bc. the polymer 

bends without breakage In an '"j' i:'"' , K,p,„„TM pCyimide 

material used ts aPP™"7;';"^„7^;^:l,, . Cc' Other types of polymers 
f„m, which is sold by E.l.DuPont D ^^^^^^^^^ 

0 ,„d thitmer material can be The flexible 
embodtments of the presen " 
substrate compr.s.ne fl^'hle prohe .00 and ^ 
,clcw, ,s sufftcently flex.ble an strong t nabl ■ 

<^ough an angle of about ; ° ;J " ; ,„ces (discussed 
» d,sto„ed, ^:;T6 ."arapphedtotheflexiblcsub 

below m regard to FIGURE 46. „„„ ^. 

Although not shown " n°"^ ■ J .o energtze a 

applted to flextble substrate ' ° J "J ^ on »d supposed by the 

plurality of bgh. em.tung sources .0 th^^ . _^ ^^^^ ,,,, 

30 flexible substrate. In connection w,th ^ ^^^^^^^ 

otKer types of electromc m.crocrcu ,^^> ^^^^ ^,^^^„„., 

mstead of, or ,n addtuon to, ''8''' J™^;^ censors such a, 

„,croc„cui,s m.y include .Meeting either a med.ca, 

photodetectors. and other electron.c , p,„e„fs body. 
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i„ hv veterinarians to treat and/or 
adm,ms.en„B ''i". f™6 ^ biocompaUblc polyn,., 

diodes 0, a .h,n film e,«,ro.^.nesce„. panel ' 

''^=%,OUKB3iU.,.esv3,.ouso.e..ss..c^n.-P^^^^ 
: p.ov,ded.,*efl=.Me.o.. ™e.s.p^^^ 

rectangular cross secon and enclose a ,„„bemounled 
suffic,e„..yb,ond,oenab.capluramyorl,gU.em.un.-^^^^^^ ^ 
across Us w.d,b. Also il.us.ra.ed a. an envelope 1^ , »h 

„ — --^^^^^^ sHapes — Tor .e 

0 eross-sccuona S^PC T e ^^.^^ ^^^^ 

—il "u" 11 probes nrade ,„ accordance »l.b *e presen. 

— o ...p. ,s .ad= ,n .bis d,sc,„snre ,o — ^ -^i^^ 
„ U.bUn,e„.U,esrorco„d«.n.PDTus^.-P-- 

™ls will help .« dcermme such . "7rPDT are well known «> 

,„ rega.d,opa,,en. specific variable. ^el^s^ P^^^^^^^^^^ 

rhose of ordrnar, skill in «us an and "^ -^^^J^';'^ :,, I as evidenr 

.nvenuon. For example, a vane,, of phororea ag L.^id-Soluble 
30 from references sucb as -^-^^-^^ll^Zt:,,^^,^. H^eCs of 

D,esonBacrer,a, Webb a^^ Progress ,n Organic-Biological and Med.cural 
Lro' « r "Pborodynamrc The^py Endogenous 
Chemrsuy ■ Balh J .,^™opho,o«,erapy for .be Treaunen, „ 

" "rTLr Wre... U,scon,cmp,a.ed...conve„„o„a, 
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photoreactwe agents of the types discussed m the preceding references can be very 
effective in implemenUng PDT usmg the present invention. Eventually, tt .s hkely 
that even rr,ore effect.ve photoreactive agents will be identified for use in extended 
term PDT. which the present invention is well suited to provide. 

m FIGURE 3 a second embodiment of a flexible probe 108 is illustrated. 
Flexible probe 108 differs from the first embodiment by including a flexible 
envelope 110 on which is formed a loop 112. Loop 112 includes an onfice 114, 
,vh.ch as shown below, provides an attachment point for temporarily mounting 
flexible probe 108 in a fixed position at a treatment site inside a patient s body^ 
Flexible probe 108 also includes a barb 1 16 disposed at its distal end. Barb 1 16 is 
Led of the polymer material comprising envelope 110 and Has a charac-^^^^^^ 
elasticity that causes the barb to flex to an open position in^which it^extends 
outwardly from the longitudinal axis of the Aexiblc pro.e as s. own ■ 
FIGURE 3 However, because U is flexible, barb 1 16 can readily be closed to 
minimize the cross-sectional area of flexible probe 108 at its distal end. 

AS explained below, flexible probes made in accordance with the presen 
invention can be placed at a treatment site within a patient's body in ways tha 
eneflt from the flexibility of the flexible probe and its ^^^^^^^ 
FIGURE 4, a guide tube 120 is illustrated having a pomted end 122 for piercing 
iZeTus ayer (or other tissue layer) of a patient's body (not shown) or for 
"the Juter'surfaceofat. internal organmwhichisdis^^^^^^ 
to which U.e flexible probe is to be advanced and left in place. In FIGURE 5 
uide tube 120' is illustrated that has a predefined radius of curvature and a d. 
nd terminating in a sharp point 122- for piercing the -taneo-s ^ay. ^ u. 
surface of an organ to facilitate placement of flexible probe 108. Due to he 
h— ^fle ibility of flexible probe 108, it is easily advanced around the 
" u^^ of guide tube 120' for insen.on and disposition at the t_ 
sue withm the patient's body. Electrical power ^ , ^h 

circuitry compnsmg the flexible probe are conveyed through leads 118, which 
, eireitherLsi^^^ 

where power and/or signals pass through the cutaneous layer of the patent bod> 

^-^''::^TZrZ"Z^^^^^^ .n disposing flexi.e 
H ,0 a^?ueaur.ent site within a tumor 124. Sharpened end 122 of guide 
::i:it:r::tumorl24toan appropriate d^h,e..,^^^ 
ofthe tumor. Flexible probe , 08 is either contained within guide tube 120durin,its 
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u»if>R the flex b e probe IS ncla in piaLc. i>ai 

ftom ,ns,de tumor 124 as «, g ^^^^ 

used ,o secu. oop U »" f,^ ,^ ,„„ p.Ue:,.'s bod,. 

^" . . P.^vihlemobe 130 includes two loops 112 

following Its msenion tu.uu. .... ' envelope. As shown in 

known ,o those of ordinary sbll m the art. Pee y 
20 FIGURES 8-n. which illustrate ,ts con flguratton a„d ,^ e . p B 

::::::r:rs:r or .he e.ndr,cai 

. . , „ih A lancet 138 having a sharpened point \2l is inserwu 
along Its length A lance. 3 g _ ^^^^^ ^^^^^ 

25 bore 136 of peel-awa, sheaA 132. ^ '^^ J ^.^.^ ,24. as shown 

aistal end of the sheatlt. ^"^^^^Z^,,, „ „..ily pieree though 

rrrsCo::;::— a„d enab. the assembly to be readily 

30 lnFIGUREll,l<incci ,dn in the tumor produced by 

_ins temporarily "-"^ ^^^^^t "uIIh" , 'ne^ible^robe 108 is 
insertion Of tlie assembly. Then, as shown so that the 
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.o n«« the flexible probe through a body lumen or 
.H.S po>„,, . n,.v ^ n.cessa.y ,„ FIGURE 13, si.e. , 32. 

along a curved pa,h v.a.,n ,h. body^ y ^^^^ ^^^^ 

^d ,32b of .he pee -a^a, s ^ fo^eps 

seams 134 usinB f»'"P' (endoscopic j ,33, 1 32b from 

,eadUy bend, i. is easily O^eaded '"^ "•"l^ZTJ^^^ ^ P'-"' 
,0 o„on,H an ,n,e.nal body " ^ ladder is i„us.ra.ed ,n 

i„ven.ion is used .0 apply cafherer 150 ,s iUusfra.ed ,ha. 

FIGURES 14.16 (A-D). In FWUM l^^^ ,^ ^i3p„3,d a goidc 
includes a central lumen "T; ""^ „„, . p„rin,al end of 

> T,:: :y "abundle 156 offlexible probes 158 « 

, 5 urinary catheter. Guide lumen 54 fcu .^^^ 
are inserted ,„.o the ..de h^e" from^ts o^^^ ^^^^^^^ ,^ ^ 

distal end ofurmary catheter 150. A P .ommunicatton w.lh a 

inflation lumen ,60 -"J/ ; catheter ,50, mnatton 

balloon 170 that ,s disposed al the d su^ ^j^,^^ _^ 

^0 lumen 160 ,s also ,n f uid ^'^'"""^^'^^^Z" catheter. External line 162 
attached adjacent the pro«,mal ^nd h y ^^^^^ ^ ^^^^ 

terminates in a connector 164 that .s ,„nate balloon 170. 

compressed airlor other type of nu,d under e.u^^^^^^^^^ 

Balloon ,70 extends annularly "^^^^ ^^^^ end of the urinary 

,5 urinary catheter 150, but is no, '"^^^^^^X. patient's bladder. Extending 

::r:;::cr:"— icnappropriat^ 

30 conveyed from the flexible probes ^, „„„„p, 
A poruon of lumen ,52 — ^ ,^,„ ,3, to an externa, 

eatheter 150, enabline urine to pas. catheter 150 is 

,ecep,.clc (no, --"'^^^ 'iraUt -e^^O, 'seminal glands 17S, and 

beaded through a urethra m.J>'^ ''J i„na.ed v„th 
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O^oueh ure-hra ,72 so U,a, balloon 170 sca.s w,.h,n .Ke opening m,o bladder 174 
ZZli a seaUng cuff As urinary ca.he,cr 150 is drawn backwards along 
uTd e .56, flexible probes ,58 splay ou,wardly apar, fronr each o*er w„b.n ,he 
rtor of bladder .74. AUbough no, sbown ,n FIGURE ,6A, ,gb. sources 
wi„„n each of nexib,= probes ,58 are en.r„^ed ro provide PDT therapy ,o ,he 
inrerior surface of Wadder 1 74 for .reaunen. of rumors and other med.ca, disorders 
that are appropriatCy treated using PDT. j 
FIGURES ,6B-16D illustrate a flexible probe ,82 in which the d.sta, en 
of the flexible probe ,s turned back toward itself in a loop and adhes.vely atuched 
1 ,86 as shown in FIGURE ,6C. The loop is sufficiently flex.ble to b 
1 aps d but its tnherent elasticity causes ,t to spring into an open loop when no 
: led instde flexible probe ,82 ts provtded a flexible substrate , 84 on wh.eh 

„ „„ iciw. in the drawinK fiRures) are mounted. As 

:i,us:2,n fig" ^Tsirrs; oTflexible probes ,82 ,„ urrnary ead^eter 150 to 
o W PDT inside a hollow organ, such as bladder 174, increases the tota, ar^ 
of * flexibie probe from which ,.gh. is emitted and decreases^y rtsk of 
p rlttag the rgan wa,, with the bp of the flexible probe. When urrnary 
« 0 is wimdrawn from .he bundle of flexible probes 182, the probes not 
otlp'ay outwardly from each other, but also e.h forr^ an open loop to mcrease 
, ,he total area from whtch l.gh. is emitted from the flexible probes. 

^^-^^^^^,7.21. use of a flex.ble sheet probe 190 is illustrated in 
aceordle with the present invem.on. Flexible sheet probe 190 mcludes a 
Tele any quadrilateral shaped flexible substrate ,96. This embodtmem compn» 

micro electrontc crcu.ts, .92 are mounted on oppost.e s»f es o fle b 

Jes d.sposed .ntemaUy (no, shown, between opposne ou.wardl, 
^"'"^™^^°'irrr:tllw--"eetp,obel90.sfoldedtransver^ 
,»v7« ,0 reduce ,he cross-seeuonal width of the resulung package, 
" rre::ernr„;: flc-,e Sheet probe to be more read.,y inserted .„,o a 
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\if, 

„e.une„. ..c .hro^gh an access mcision or .n^ma, body passage having a 'M^d 
„ansv=„= d,n,en.ion, e.g., tough an incsion less ftan two em. >n .eng. . ABer 
r nexiWe shee, p,obc is folded .n a .ri-fold co„f.gu.Uon 98 as shown .„ 
FIGURE 1 S, a su.ure 200 .s used .0 .esttain .,, prevenung Hex.ble shee, probe 1 90 
5 from prematurely unfolding pr,or.o,u.placen»en. a, a.,ea,me„.s,.. 

FIGURES 19 and 20 iUustra.e how a llexible shee. probe 196 *a. .s 
formed of a elonga.e „uadrila.eral-sbaped flexible subswre is folded .engd,w,se 
r.hree layers and res.ain=d for insertion .o a treaunen, sue w^.n a pa.,en 
,„ FIGURE 19, a ha,rpiu-shaped el,p204 is ,„scr>ed over fol ed flex, 1 

:;r::dtT::e:; -1^— ,on .9. .a,, .e fo.. ... ... 

U.e folded flexible sheet probe has been inserted -.nto the ireatmen s. 

FIGURE 21 illustrates how. having removed the rcsXv..ni , 

rof L:e:rpt:rre;h; e„abLg ,. .0 be unfolded so tha. i. 
20 overlies tumor or lesion 212. 

.M^fif^^^ is illu3.ra.ea. 

T cir-T ID P<s 97-28 use of a llexioie snci^i pi 

-"'-'''"-'"^trZZ ^^^O ,s /referably rolled .n.o 
laparoscopic procedure. 1 lex.ble snee p 

co„ceu,r,c cyhndrical layers around a cyhnder .emp te 2 8 ro of 
substrate 222 .s .hen res.,a,ned ins.de a sleeve 226, generally 
30 nOURES 22-^^5^ ^^^^^ ^^^^^^ ^^^^^ ^^^^^ , 

A push rod 24.) posiuoned so 

sleeve 226 .hrough a gu.de .ube 238. 1 he g ^^^^ ^ ^^^^^^ 

tt., ex.ends .hrough a curaneous or o,her ussue laye 2 ^^^^^^ 
„eaune„. s„e 230. In add.uon, an from opposire 
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site 230 



20 



25 



P„To,o.K..ed,ca,a,e™pya. — ^ ■ ^^^^^ ^^^^^^^^^ 

,ube236 and guWe .-be 234, Fo,ceps2 ^^^^^ 
.„pUe228 »d Sleeve 22 'o -*^ guide ,ube238. 

flexible subsuale 222. Push rod 240 .s also w. , „^„p„241. enable 

Eye p,eces 242, «bich are provided ° '^^^^^^^^ J^,^^,, jj, during .his 

.beopera.cr.on,an,pu,a.ero,,ed^e.*^^^^^^ 

procedure. Next, as shown .n Fl^RE 2». P ,„ ,jji^i„„, 

Lbe 238 ,o grasp sleeve 226. „ ,„a.„,en. si.e 230, 

Up.roseopes24, ''V^^^" ^ ^^^^^^^^^^^^^ ^Lhough *ls 

.hereby preparing .1 .0 adm.msler U. ^^^^ ,e„plale228 through 

siep is no. shown, forceps 24r. are a.sc 

guide lube 238. ^ be 250 is shown in 

A cylindrrcal configurauon for a flexrhle sh P _^ 
FIGURES 29-32. Th.s embod.men. con,pnse a n X b 

..ely rolled ''^^ -^^-^^Z:^^^^^ ^'^^^ 
O^ough which flu,ds can ""^ „t „„,b,e she., probe 250 are 

„i„n, . body lunren. D.sposed - ^ 
3 pluraWy of Ugh, sources 256, wh eh » g ^ ^^^^ 
so .ha, Ugh. e,n...ed '^"^^ X^L^o, of a lumen 260. Lunren 260 

.issue) 258. Tu»or 25S is d.sposed » r ^ ^^^^^^ ^ 

^y, for example, comprrsc a pa uen^s - P g ^^^^ 
conveys elecrica. curren. fr^m '-^ ^ ' „,er signals .o or 

opnonalW mdude — ; ^^^^^^^^ 

ftom o*er .ypes " "^^^^ ,50' is .Uuslrared .ha. .ncludes .wo 

,„nOUR£30,a nex.b e bee P^obe 

loops 262 along one edge. Su ures 2 ^^^^^^^ ^^^^^ 

laparoscopic or errdoscop.c ' „ ^,„„^„, , „stra,n. I.ne266 

,d,acen. -unror 258 on d,e .nrenor ' f ^ J ,,,, f„„her secur.ng 

be a.«hed .o .be opposr.e en.^ J ^_,^^„ ,60. 

^e nexibleshee. probe nxeda,.be.,«»e.- 

One of .he advanlages of nex.blc J „ , i^^jcr d,ame.er 

cna,ac.er,s.,celas.ici.y .ha, causes ^em .0 .^^^^^^^ 

rumor 258 sl.,n.s in respons^^ c ^^^^^ „,„o-elecho„,c 

flexible shee, probe. Consequen.ly. .he bg 
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crcuUs) mounted on flex.ble substrate 252 contmue to remam in close prox.nnty 
to the surface of the tumor as it contracts .n response to the therapy. 

in FIGURE 30A, a further altcrnatwe flexible sheet probe 250 .s 
.Uustrated. Th.s embodiment u,cludes loops 268 formed on fiexible substrate 52, 
T L the loops are deposed proximate to each other when the flex.ble subs rate 
L l^ucally formed mto a cylmder. A suture 270 connects loops 268 to restram 
L flexible substrate m the relatively sm^i d.ameter, cyUndncal configurat.on or 

,„,c„aea .ar '^'y--;^ . ,3 Again, a restrain, 

, changes dian,er=r ,o ec^pensate for ehang s " — 

^rc^T." e -ap nr „.os,.e - s..^^^^ - 

.„P,CU.H3.rorU,e larger .an,=.er«o^ves.^^^ 

circuits mounted on the inner sur, j.^cter changes. 

— "'^r™1r; a ;r ne*e sheet pro^^SO havtng 

':"r7°r hL "T.US uated ror use ,„ app.y.ng POT to a tuntor or 

a normal cylmdrical shape is luus esoohacus 292, at a pomt 

,„ >es,o„..s --=v.::ir:.;: p::a/:::tiughes„phagus. 

immediately adjacent to a stomach ,„u, ogn and into stomach 294. 

probe 280 in place, to administer ?DT to the tumor. 
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A„ „pc„,„g in . waU 296 of s,o,„ach 294 aligned wi* a --"P-'''"^ 
„pe„,„g .hrough a cuuneous lay., 298 for insemon ofa ga3.ros,omy ,ube 30 A 
I n, balloL 3.0, wh.ch .s d.sposcd a, U,= inner end of me gasuo. o., nb 
rCds m place and relains wall 296 of U>e scomach in posmon .ga.ns, .he .nner 

-*%t:r:oTg— V .n.e300 a,e H.d --02, 30. a^d 30. 

a 304 Ftaid i^ne 306 con.ec.. .0 » internal fluid line 308 „„hrn s,on,ach 2 
.ea for a^prraU. flnrd fro. .e ..n^. . 0 

other micro-elceuonic eircuirry mounted on flex.blc f '^"^ ^^'^ ^'^^ 
sl,eet probe 280' is illustrated ».th balloon cuff 284 utflated .„ FIGURE 34. and 

— r3rr;:rfara,ter„ate approach for ^.o„,. 

„e.ib,e probe 100 at a ^'-"^-^-[-^ZZ: 
, ,„.or 320 that is disposed at that ^ X^^'/r^^h'the patient. 

-~;ralte.at.e— ^^^^^^^ 
5 adjacent tun.or 320 is illustrated m FIGURES 38 and39. ^ 
-.la m that extends through a nasal passage j^->, 
.ncludes a restramt hne 322 that extend g ^^^^^^^^^^ 

lead 316 extends from the mtenor ^^'^^ ^ ,,^^322 .3 encapsulated 

tube 300 to an external power supply 326. 

..U.tntheclearh.ocon.patlhle sheath „ ,„.de 

It may be desirable to treat tumor and > '-^^^ Jelastomer.c 
e.ther the small or lar.e .ntestme ^^ ^^^ J .J^^^^^oo' usin. e.O^er a 
bullet 330 . afi-ued to the d.stal end of ^^^^^^ 
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probe from the stomach to a desired treatment site in the bowel. Once the flexible 
probe reaches the treatment site, suture or elastic band 332 is cut using an 
endoscopic procedure, and the elastomeric bullet is carried through the intestine 
and exits the patient's body during a normal bowel movement or is extracted 
endoscopically. 

With reference to FIGURE 41, a lead 316 connected to flexible probe 100 
extends from the treatment site through the patient's large bowel 346 and small 
bowel 344, exiting stomach 294 through gastrostomy tube 300. To ensure that 
flexible probe 100 remains fixed at the treatment site where a tumor or lesion 352 
is disposed on the internal surface of large bowel 346, loops 348 are attached with 
sutures 350 to the tissue of the bowel. An endoscope or colonscope is employed 
to place the sutures. 

A disadvantage of the approach illustrated in FIGURE 41 is the relatively 
long length required for lead 3 16, which must extend from the treatment site 
disposed near the lower end of large bowel 346 into stomach 294. The total lengUi 
of lead 316 may easily exceed 25-30 feet. In FIGURE 42, an alternative approach is 
shown, which employs a Bishop-Koop procedure to create an enterocutaneous 
fistula by transecting large bowel 346 at a point inunediately above and adjacent to 
tumor 352. Sutures 356 are placed to connect the lower portion of the bowel to a 
new opening 354 made in the wall of the upper portion of the large bowel, adjacent 
the transection in the upper portion of the large bowel. A transected end 358 of the 
upper portion of the large bowel is then attached by sutures 360 to an opening 362 in 
abdominal wall 340, thereby enabling a relatively short lead 316 to exit the patient's 
body. Waste matter passing through large bowel 346 will continue to be moved 
through both secUons of the transected bowel by peristalsis. 

A flexible probe 370 having loops 376 disposed at each end is shown in 
FIGURE 43. This embodiment illustrates an application in which the flexible 
probe is helically coiled around an artery 380 and secured at each end with 
sutures 378 that fasten loops 376 to adjacent tissue. A lead 372 extends from one 
end of the flexible probe to a power supply 374 Flexible probe 370 can thus be 
used, for example, in applying PDT to treat arteriosclerotic deposits inside 
artery 380 within the region about which the flexible probe is coiled. Light 
emitted by the light sources in the flexible probe is transmitted through the wall of 
the artery and absorbed by photorcactivc dye-perfused arteriosclerotic deposits, 
causing the deposits to breakdown. 
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A flexible sheet probe 390 is shown in FIGURE 44 for use in effecting 
PDT treatment of a congested coronar>- artery 398. The four comers of flexible 
sheet probe 390 are sutured to the pericardium lining around a heart 396 so that a 
flexible substrate 392 is disposed inside the pericardium lining. Since the 
pericardium lining is opaque and does not readily transmit light, the pericardium 
lining must be incised so that the flexible sheet probe can be disposed adjacent the 
coronary artery being treated and molded around the curved surface of the heart. 
Light emitted by the light sources mounted on the flexible probe thus passes into 
the interior of the coronary artery. A lead 394 extends from flexible substrate 392 
to a remote power source that supplies electrical current to energize the light 
sources FIGURE 45 illustrates arteriosclerotic deposits 402 in a blood vessel or 
coronary artery that may be treated using PDT administered with the present 
invention. 

FIGURES 64 through 66 illustrate a method and apparatus for implanting 
and fixing flexible probe 100 within a tumor 654 (or other abnormal tissue) 
comprising a treatment site within a patient's body. Although flexible probe 100 
is illustrated in these Figures as an example of one type of flexible probe useful in 
effecting this aspect of the invention, it will be apparent that other types of 
flexible probes that include a strip of flexible substrate that is relatively long 
compared to its transverse dimension can be used instead. 

As shown in FIGURE 65, a curved surgical needle 650 is forced through 
normal tissue 656 and along a curved path through tumor 654. This curved path 
defines a desired position for a flexible probe to be disposed to admimster PDT or 
some other medical procedure or therapy. In the disclosed example, flexib c 
probe 100 is connected to curved surgical needle 652 and drawn along after the 
needle along the curved path defined by the passage of curved surgical need e s 
sharp point tluough normal tissue 656 and tumor 654. Although not illustrated in 
the Figure, a straight surgical needle can alternatively be used. At a point where 
the distal end of the flexible probe exits through a surface of tissue (possibly 
) ins.de the patient's body), curved surg.cal needle 650 is detached from flexible 
probe 100 and withdrawn Since this procedure may be accomplished 
endoscop.ca.ly, the curved surgical needle may be withdrawn either thxough a 
natural body opemng or through an .ncis.on. It is also contemplated that the distal 
end of flexible probe may exit the patient's body through a cutaneous layer. In 
S either case, the mam body of the flexible probe is thus disposed ,n a desired 
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position a. a — .u, w.th lead. . .8 ex.end .o another pos,uon =,.Ke: ,ns,de 

s PU. eat advance ,he ne*,e p..c along ^ pa.K .h,ough ,he ussne 
ofthelmeibpul. ^his lechnique is not separately iUustra.ed, smce ,t 

and into the treatment s,.e^ ,^'fFlGURE65 The line simply serves 

sKoold be apparent .„m ^^lll^^^o the treatment s„e after 

n j, . — ana h. ara^ .he 

Hne mio pos.l.on to advance the flexible probe. ^ ^^^^^^^^^ ^ ^^^^^^^^ 

If the flexible probe is to remain 

pertod 1 1: e., ."r several days or longer, .t 

site, but instead remams fixed in 0 P ^ aisk-shaped 

rrealment. Accordingly, as f„„ ,.e center of 

--r '■Trh: :,:^".. c„a or ..... 

one surface of the button a elastomeric polymer plastic. 

0 Prer=tah.ybuttcn.60,smadeofab,,.o,^^ Ubjean^el^^^ P^^^_^^ ^ 

The ncxible probe is '-^ "^ol ow let Lnd .he flexible probe, 
suture 666. which comprcs^s^* ow ^^^^^^ ^^^^^ 

Butt„n660,nay alsobc. v««^. ^^.^ ^^y 

disk-shaped surface. Altemal.ve.y. ^^^^ 
, secuied instae the hollow -^-^tJ^; s.faee of the 

between U,e inside surface of he hollow ^.^^^ ^ 

flexible probe provides the attachtng force), 0 '^"J^ ^ 
suitable b.„con,patibleaahe.vc. ^ ~ -mg a tl^eaaed 

- f.nh=r altemalivcly ^ — .J. through the sleeve and .n,o 

30 fastener, e.g.. a set screw, or w th pm ^ ^^^^ 

Uie flexible probe. The diameter of ' / ,^ .^d from 

nexible probe 100, so thaUhe dis,.^^^^^^ 

moving back into tissue 656 by the ^^^^ 
35 through one or both oi uicbc ^ 
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n^ovement of the distal end of flexible probe 100. AUemat,vdy, button 660 may 
be adhesively attached to tissue 656, using a suitable biocompatible adhesive. 

Furthermore, as shown in FIGURE 66, a disk-shaped button 670 havmg a 
hollow sleeve 672 extending outwardly from the center of one surface of the 
5 button may be attached to the proximal end of flexible probe 100 Button 670 .s 
generally similar to and is made of the same plastic material as button 660. 
However since leads 118 extend from the proximal end, an opemng 676 is 
formed in the center of button 670 and leads 118 pass through the opening and 
extend to a remote location. Button 670 is attached to the proximal end of nexible 
0 probe 100 using a suture 674 (or by crimping the hollow sleeve of button 670 
around leads 1 18 or flexible probe 100, or by use of a suitable adhesive). It is 
again contemplated that a threaded fastener, or a pin (neither shown) may be used 

...... r^f ihf- flexible orobe. Button 670 is 

to secure the sieevc lo uic ■ ^ c ^aj 

sccu..d ,o adjaccm ussue 656 using sutures 678 .ha, pass Um-ugh onfices 664 
,5 fo™.d in *e buuon, adjacen, i. ci.un,ference. Again bu.,„n 670 may b= 
,„ver..d so .hac its sieevc extends proxtmaily of .he button's d.sk-shaped surfao. 

By attaching eiUter or both buttons 660 and 670 to nextble probe 100, the 
flexible probe is fixed in the desired position at U.C treatment stte and prevented 
fton, movtng. Although the figures illustrate a preferred cmbodtmcnt ,n wh.ch 
20 dlshapcd buttons 660 and 670 a. employed, it will be apparent t^.a, objects 
h ving other shapes can be attached to one or both ends ; P-^;"" 
sacu,. it in place in a desired posiuon at a treaUnent s„e. The "bj^ts tn th - 
entbodinten, preferably have at least one tr»sverse dinnens.on U^t - * 
a cross scCtonal s,^e of U,e flex.ble probe and/or be secured .0 the adjacent Ussue 
25 to prevent ntovement of the Oexible probe relative to ,he .issue tnstde the pa .en. 
Z Thus, instead of disk-shaped buttons 660 and 670, a rectangular or 
b.-shap=a object (not shown) could be employed to achteve .he J 
,s also con.cmpla.ed ,ha, a pa.ch of nexible material, e.g general y 1 kc 
.utton 660 or 670 but more Hextble and w.thou, a sleeve. n.ay be a..ac e , tl. 
30 lead or flexible probe and sutured or adhesively affixed to the surface ofthe ttssuc. 

Fnhricating Flr-xible Probes n^vihle 
For manufacturing flexible probes that are elongate, such as flexible 

probes 100 and 108, a plurality of strips of flexible -^^-^^ J^'^"^ 

produced from a larger flexible substrate412, as shown .n FIGURE 46. In an 
35 initial prototype of the present invention, the overall outer dimensions of the 
35 initial prototype o y however, these dimensions are 

flexible substrate are approximately 3.9 x 4.0 , tiowe 
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no, in any way limm„E. s.nce .he flexible subs.ra.e can be made in almos, any 
,"e desirL. A pl.raiUy of pa.rs of paraiW co„d.cUve „aces4,4a and 414b are 
applied .o .he surface of flexible .ubs„a,e412 us,n6 convcnuonal 
pblli,h06r.pby .cchniques, def.nin, a plural,-, of Oex.ble -^^--^ » 
L can be cu, fron, nexible subsuace4,2 after l.gh. emmrng sources or o.be 
lo.elec,ro„.c clrcuUry are moun.ed .Hereon, In .he "^I^^^ J^^ 
nresen. invenuon. .he Oexible .races comprise a layer of w,re bondable sol. go d 
c rop l .e abou 0.00003" duel, over a layer of sulfa^are -^=' ;'-7^^ 
aboTo 0001- .hicR. over one ounce copper ,ha, ,s applied ,0 .he polym.de Oln, 
abou, " ^,,,1, 3nbs,an.,ally narrower conducve .races 

::ra:i;%cfo:« 

0 25 wide and are spaced abou, 0.005- apar,. 0.he, ,ec,u,„ues or produan. 
wrae a, k ^ ^^^^ „„,,ials comprising the conducive 

■ ^""'""'Vl—rbV:!;: p^'sen. .nvemion, as are well ^own 

uaces can aUemaUvely be procedures for 

: JlntNos 4,647,50. and 4.634.63, (Oazi. e. al.,. which are assigned .o 
.o^ersCorpora.^. ^ ^^^^^ ^^^^^^^^ ,^ , 

, wbcrei^ a ,urali.y of spaced-apar. -Xs- marK "l" 

'Cvt: 1::=:^ ^^^^^^ — - r 
--^o:-comp.^^^^^^^^^^ 

3 -"-r— :;::s:r;i..adieornexibies.rip^ 

3.rip,s.obee..hercu.orfo,ded.ocre.e.hene^^^^^ 

,„ ,l,is flexible probe, a plurah.y * The .wo por.ions 

„,ees 4,4a on flexible subs.ra,e 4,2. wh.ch ™ ' ^ ^.^^.^ 

,0 ,h,cR nex,b,e subs. a. e. P w res ^^^^^^^ ^^^^^ 

co,.duc.,ve,races414b T fly ^^^^^^^^ 

n,ay /""JJ^^,,,, epoxy 422 adheren.ly anaches d,e o.hcr 

conducive Uaccs414b. Conducive p FIGURE 49. 

.erminals of LEDs418 ,0 conducve " f'™, ^,eDs418 

.5 Transparen, ncx.ble envelope dur.ng use 
and ny wues 420 from damage as ,he flexible probe ,s flexed 
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Ye. another connguraUon for a Hexible probe 460 is illustrated 
PIGUrI 3 Tn th.s configurat^or., light sources 470 (or other .,cro-electron:c 
FIGURE eenductive traces 466 and 468 that arc applied to 

,„d provides additional su.nE«.^ Ligh, e,„,«ed by i.gh, source 

subs„a.e 482^ Leads 484 and 486 respecuve.y «... — .„ 
,Ha, elecuicai curren. K suppL-i 'o '^^'27; ^'^ ,„ ,„„,„„we 

traces 488. 1 he iigm buu encaosulated within an 

/(□n The resultine flexible sheet is encapbuiai.^ 

::::;::;rr Lo::a;,e j... . indi^-ed da., 

'----^'-*="tn:GJ^S:^'*ra: a,.e.aU. app,oae. fo, 

^ ..,i„r:^:f::e:;"~ 

In this approach, the light sour v characteristic wavebands, e.g., 

:5 640 nm peak and 720 ^ pea.. J ^ „^,„a,s on 

fle.,ble substrate strip, between conducuve "'"'^ strips. Although 

only one LED 5U8 i.^ snowu, M.pmative configurations for 

,,Os50S. aiong tbe "^^ — e.a.pie, ntount.ng 

» r-:— =. - ^^^^^^^^ 
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AUema^v*. . co.cspond.ng drop of c„„d.c„ve epoxy ,n=y be -^ 'n |,cu of 
nv w„e510 .0 comec. terminal 514 to coaducuve ,raee 506. S,m.larlj fl> 
"L 510 (or . drop of eonducive epoxy) eonnecs termrnal 514 disposed on l,eh. 
source 508' .o eonduelive .race 504, aad drop of condacve epoxy 512 conrreos 
.,e opposue srde lermina, of l.gh. source 508' .c conducive .race Thus *e 
pclariues of the .ermmals on LEDs 508 are opposite tlrose of LEDs 508 . 
Consequently, for a particular polarity of voltage applied between conduc ive 
Sees 504 aid 506. only one of the two different lypes of LEDs are energized o 
■ ligl. a. Uie characteristic waveband of .ha, type of LED. According,,^ b 

etcl'g the polarily of the voltage applied to energi. .he ^BD. 

r , rn 508 or 508' can be selected The other type of LEDs will not 
:irr:irL\pplied voltage polarity IS reve.^ 

Icteristic wavebands of LEDs 508 and 50. w„l .ypica^ e apP h^^ » ^ 
treatment site to enable the medical practitioner controlling the PDT to select th 
wavebld ba, appears most effec.ive in the treatment, Just as a piunility o 
waveband mat pp effective in destroying cancerous tissue, a 

chemotherapy regimens are often more effect, e y t ^^^^^^^ 

r« H .08' Although not shown, th.s embodiment will typically be 

i. ' — — ■ ■ 

and 526, as pai s ot st p ^^^^^^.^^ ^^^^^^ 5,, 

,0 nex.ble substrate 522- Al of P ^^^^^^.^^ 

" :l OeUn. upon the spacn. 
traces 526 aie ^ ^^^^^^^ ,,,,„,q,es shown above can 

between conductive traces 524 and „,icro-electromc circuitry to 

- used for mounting light ----^Z:^^^!. and electrically 
35 the pairs of conductive traces. After such devices 
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c„™,=c.=d to ih. c^ducve traces, .he nexible substrate probe is ertclosed within 
a transparent, biocompatible polyirer envelope 532, 

To focus light entitled from ligitt sources mounted on any of the flexrbl 
probes descrtbed above, it is contemplated that a reflector 544 can be motrnted 

n or adjacent to each l.ght source 542. as shown ,n FIGURE 60, to lac, ate 
ZnZ, 0 focusing light emined by the light source, ,n thts Ftgure, conduct.ve 
el ' adhesively mounts light source 542 and renecor 544 to conductive 

re^.r:: p.:vides »„ eiectnc 

:Zt1urface can be fabricated within the „ght source, to facthtate focustng 
light emiued by tlie light source. 

™S^ated,y above, Hexible probes made in accorda^e with the 
presenttentton can be used for other purposes, but are primartly d.sCo ed u 
present plGURE 50, LEDs or other types of light 

rirJlir'trpe^Jf mlL-electrontc c.rcuits are provided electrtca, 
u^^n to energize m= devices through power leads 316 from a power supply 326^ 

elecutcal current supplied to the flexible subsUatc, FIGURE 50 ts 

diagram generally illustrating the nexible probe system. , „. ^„ 

m FIGURE 51, flexible probe 100 is shown w.th leads 316 t^a a c 
,.e„dcdtoextendo„..dethepatient.body.d..^^ 

r:;: :; :r:: ::::^:z:::— - nexib. probe . 

illustrated in FIGURE 52. 

o'La, rechUbie 

directly connected to a -^"'n"" circuit 442, and a telemetry 

rr4:4— .:;yZ:^:rw,tht„,hepa.,ent.sbody,apa„ 
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f,o,n .he .rea,m=n. sue. R=cuf»r434 is elecrically conneCed .0 recover co, 
Z 30 and full-wave rec,if,es aUerna.ing cu.re-. cutpu, from ■ e rece.ve, .0 
ar/ produc.„g e,ec,rie., cu«n. ,ha, .ay be ..cd .0 charge op o„a 
lUble bauery 435. If rechargeable ba„c^ 435 . used, .he power srore 
herein ,s subsequer„ly .applied ro ,he flexible probe .o e„erg,« .he hgh 
ouT e" s and/or o,l« n,icro-e,cc.ro„,c crcu,.,. mou„.ed .hereon. Rece.ver co. 
mcudes a. .as. one receiver c„„ ,no, shown, 0,a. ,s encrg,ze 
,v or RF enercy IransmUled from an exleriial power coll 448 

t:^.::^:::::^ -v. ad.cen, c_ 

„ Jerver coil array 430. Elecmcal energy rs suppl.ed .o power CO. 44 f m a 
pZer supply 450. The power supply is e„erg,zed from a co„ve„.>ona, 60 Hz. 
,20v„l.al.er„a.ingcurren.line(nn,shown,^^^^^^^ ^^^^^^^^ 

Photodeteclors4J8 are mciuu^w ^ r ' 

nuore Jence by cells .rea.ed wiU, a pho.oreac.,ve agent a. a ueaunen. s,.c. .o 

, iTeirl heraddUionalpho.oreac.iveagcn.shouldheadded.o.he.rea«,en. 

'^'-^^^^^^ 
::r=.ere:::e.e™^ 

--";-::r:p::rrre.:,:r: — 10^^ 

,3 circu,,44.%hichp.videsas„i.b,es^naU0d^^ 

;=r:e-:t^^^^ 

rr^^dU of .he flexible probe ,n wh.ch ,1 .s ^'^'^'^^J^ 
power for .he l..h.s„orcesor„.her™.cro.e,ec,ron.c,r«— 

probe dupugh e,ec.,„n.agne.,c coophng. as "P^"" "J ^^cc.ls can beused, 

35 as shown in HUUKCS vi aiiuv.*. located at some 

pluralhy of .urns of conducive lead 554. Rece.ver ccl 552 can be 
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d.«ce from uea™e„. .Ue wiU„n .he pauem's body and .s deposed 
r U ^ a*-- = "° '° provdc = ^cnca, energy 

flexible probe d.sposed a. d,e .rea»,en. ... a .^sminer Co,. 55 conjpnsn, 
a number of ,um. of a conductive lead 558 thai ,s connecled ,o an external power 
»™ply (not sho™ in F10URE61) is d.sposed on the outer surface of cutaneous 
:yTr 550, tntmcdtately adjacent receiver coi, 552. An alterrtattng cu^nt app.t d by 
rextemal power supply develops an electromagnetic field tn transmtner co,l 556 
!l coupes o recetver coil 552. causing a corresponding altemaung curxen. to flow 
Tn rieC coil. Thts altcrnat.ng current is rectified using a full wave recufier 
;:„!:r::c,ificr434 show„ . mS2, ^..^ may be included wrUun the 
nextble probe, or alternatively, disposed at receiver co.1 552. 

a related scheme, a transmitter co.l 580 comprisrng a ferrue core 582 r 

.... i-.:..„u, v,;ni, maonetic oermeabihty) that is 

core of another material naving u icau^-.j ...6 ° ' , , 

e erally "C-.shaped is coupled d.oug„ leads 558 to an external power supply no 
Jh"wn) which supplies an alternating current to helical conducfvc corls 584 tta, are 
Z^^ LJl ferrite core 582. The al,en,aUng current flowmg through 
Z t.ve cons 584 develops an electromagnettc field Otat is coupled to a recetver 
, SOO Receiver coil 590 is disposed immediately opposite transmitter cotl 580, 
" d the Zfs U under cutaneous layer 550. Recetver coil 590 also 
mstde the ^„^3,,, »hich is helically coiled a 

::::: 5 4, :n:^s ^pled to leads554 to convey elecuical cur^nt^o Ute 
elely located flexible probe *at is disposed at the treaunen, - 
p t^e f body. Tnutsmttter coil 580 .,d receiver co.l 590 are ortented wtth *e,r 
„spec ive fer ,te cores 582 and 592 al.gncd, so as to maxinuze flux l.nkage between 
.5 T flte cores. These co.ls are subst^t.ally rnore ^ — 

electromagnettc energy than transmitter coil 556 and "''^J'^Z 
Utter are lun.ted by the relatively low magnetic permeabthty of a,r rather than 
muchgrealerntagneticpermeabilityofthererritecores. 

It ,s contemplated tha, various o.he, conflgurafons and arrays of transmitter 
30 and J iver coils can be ^ed ,„ supply power to e„erg,» the e ectron.c 
TomZ ts inside the patient s body and mounted on ,hc flexible probe. It is also 
trm i: d that the rLc.vcr co.l can be mounted on the flexible probe ,n those 
cases where the t,«.tn,ent s.te IS disposed immediately adjacent cuu^eous layer 550^ 
F,01;RE63 illustrates a panel 604 of mfrared LEDs 606 that is dispose 
against the external surface of cut^eou, layer550. Infrare ^^D^ ^ - 
e ergized with electrical ctarent from the external power supply through leads 558 
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immediately adjacent panel 604, inside cutaneous layer 550, is disposed a panel 600 
of infrared sensk.ve photovolta.c cells 602. In response to the .nfrared light 
received from panel 604, photovoltaic cells 602 produce an electrical current that is 
supplied to die flexible probe (or a storage battery) through leads 554. 

Although the present invention has been described in connection with the 
preferred form of practicing it, those of ordinary skill in the art will understand 
(hat many modifications can be made thereto within the scope of the claims that 
follow Accordingly, it is not intended that the scope of the invention m any way 
be limited by the above description, but instead be determined entirely by 
reference to the claims that follow. 
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The invention in which an exclusive right is claimed is defined by the 
following: 

1 A method for implanlmg and fixing a flexible probe in a desired 
position at a treatment site within a patient's body, comprising the steps of: 

(a) providing a flexible probe that comprises an elongate strip 
liaving sufficient flexibihty to sustain deformation and bending without damage, 

(b) attaching the strip to a surgical needle; 

(c) forcing the surgical needle through tissue to the treatment 
site within the patient's body, so that the strip comprising the flexible probe is 
drawn into the tissue by the surgical needle, along a path followed by the surgical 
needle; 

(d) once the strip is implanted with the surgical needle in the 
desired position at the treatment site, disconnecUng the surgical needle from the 
strip; and 

(e) withdrawing the surgical needle from the tissue, leaving the 
strip disposed in the desired position within the patient's body to administer the 
medical treatment to the treatment site. 

2 The method of Claim I , further comprising Uie step of securing one 
end of the strip to a first objecl, said first object serving to anchor the strip in the 
desired position at the treatment site, preventmg movement of the strip relative to 
the treatment site 

3 The method of Claim 2, further comprising the step of securing 
another end of the strip to a second objecl, said second object further serving to 
anchor the strip in the desired position at the treatment site, preventing movement 
of Uie strip relative to the treatment site. 

4. The method of Claim 2, further comprising the step of securing the 
first object to a tissue surface in the patient's body. 

5 The method of Claim 3, wherein the second object includes a 
sleeve that slips over the strip and a lead that is coupled to the strip, further 
mcluding the step of securing the second object to the strip after the strip is 
disposed at the desired position. 
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6 The method of Claim 5. whcrem the steps of securing the second 
object comprises one of the steps of: crimprng the sleeve of the second object 
about the stnp. adhes.vely connecting the second object to the strip, connectmg 
the second object to the strip with a threaded fastener, connectmg the second 
object to the strip with a pin that extends through the sleeve and tnto the strip, and 
suturing the second object to the strip. 

7 The method of Claim 1. wherein the step of forcing the surgical 
needle includes one of the steps of: grasping the surgical needle with a needle 
holder, and pulling the surgical needle into the desired position with forceps. 

8 A medical procedure for implanting and stabilizing a flexible probe 
. .n.i.ion within a patient's body, said flexible probe being used for 

rffllng rm^dical treatment at a treatment site proximate the desired position, 
comprising the .epso.^^^^^^^^ a strip of a flexible substrate on which is 
A- A . device for effecting the medical treatment, said stnp having a cross- 
r::^ d— and a lelgth, said length of the strip being substantially 
,....n.tsc.ss— 

c forcing the pointed instrument through tissue in the body of 

the patient, so that the pointed instrument draws the stnp after it into Ute desired 

nnsition at the treatment site; 

' (d) decoupling the strip from the pointed instrument; and 

e withdrawing the pointed instrument from the patients 
body, leaving the stnp and the medical device disposed at the desired location to 
administer the medical treatment 

, The method of Cla.m 8, further comprising the step of securing the 
stnp so that It does not move from the desired position. 

,0 The method of Claim 9, wherein the step of securmg comprises the 
..p or coupiing an object having a relatively larger cross-sect.onal size than the 
strip to at least one end of the stnp 
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, , The method of Cla.m 9. wherem the step of secunng compnses the 
step of couphng an object having a relat.veiy larger c.oss-sect.onal s.ze than the 
strip to both ends of the strip. 

12 The method of Claim 9, wherein Uie step of securmg comprises the 
step of co'upUng the strip to the stnp us.ng one of an adhesive, a cr.mped sleeve, a 
threaded fastener, a pin, and a suture. 

13. The method of Claim 8, wherein the pointed instrument comprises 
a surgical needle. 

,4 The mchod of Claim 8. furthe, .ompnsmg the slops of passing a 
,ead f,o„, .„e s,np .„™u.l, an opening in anob,..; and '^f^^;:2 
lead to secure tl,e slrip in .he desired position, sa>u .ca- =x.en-..., 
beyond tile object 10 a different location. 

,5 The method of Claim 8, wherein a disUtl end of the suip is secured 
,„ an object tltat ,s disposed against a tissue s^face to prevent movement of the 
strip from the desired posihon at the treatment Site. 

,e Apparatus fo, administenne a med.cal procedure to a treamtent stte 

-^-'^"n7°t:e::::::t:: . a„d . ..... ^...^ 

(b, a pointed instrument for deftntng a path through the tissue 
,n the pattenfs bU. si path be.ng used for deltvering the fle.ble str.p to the 
'"'■-'""":rT:::rllg .he ne.blestripalong the path through 
t..sue in .he pa.,en. s body so that the flex.ble str.p ,s disposed in a des.red 
position at the treatment site. 

,7 The apparatus of Clann lO. funher comprismg an objcc. a.tad,able 

awav from the desired position. 



PCT/US97/02459 

F/32520 

18 The apparatus of Claim 16. wherein the object includes a sleeve 
that is sized to fit over an end of the flexible strip and to be secured thereto. 

19 The apparatus of Claim 18. wherein the sleeve is secured to the 
flexible strip by one of a crimp of the sleeve, an adhesive, a threaded fastener, a 
pin that extends through the sleeve, and a suture. 

20 The apparatus of Claim 1 8, wherein the object includes an opemng, 
and wherein the flexible strip is attached to a lead that extends from the flexible 
sinp to another location, said lead passing through the opening in the object and 
being secured to the object to prevent movement of the flexible strip away from 
the desired position. 

21. The apparatus of Claim 16, wherein the pointed msU-ument 
comprises a surgical needle. 

22 A method for implanting and fixing a flexible probe in a desired 
position at a treatment site within a patient's body, comprising the steps of; 

(a) providing a flexible probe thai comprises an elongate strip 
having sufficient flexibility to sustain deformation and bending without damage; 

(b) forcing a pointed instrument through tissue to the treatment 
sue within the patient's body, creating a path through the tissue, 

(c) drawing the strip comprising the flexible probe into the 
tissue along the paUi followed by the pointed instrument; and 

(d) once the strip is implanted at the treatment site, 
administering the medical treatment to the treatment site. 

23 The method of Claim 22, wherein a line is coupled to the pointed 
instrument so that the line is drawn tluough the tissue behmd the P-nted 
I trument and extends behind the pointed instrument along the path « 
thereby wherein ±e step of drawing the strip composes the step of coupling the 
St -; to the line ^d puUmg the hne along the path through the tissue to advice 
the strip into the treatment site. 

24 The method of Claim 22, wherein the strip is coupled to the 
pointed instrument and is drawn into the treatment site as the pointed instrument 
is advanced. 
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